Calculation of the number of planktonic foraminifers per gram (dry weight) of sediment reveals dramatic changes in abundance within Eocene to Miocene sediments at Site 904. The largest scale changes (264 samples analyzed) parallel regional trends in paleoclimate and terrigenous sediment input. Abundance changes of shorter duration, some equivalent in scale to long term fluctuations, reflect the complex interaction of global sea-level change, diagenesis, paleoproductivity, and sediment accumulation rate. Data presented here are intended to support subsequent studies that may unravel some of this complexity. My purpose is to help identify the dominant processes associated with abundance changes of the planktonic foraminifers.
INTRODUCTION
The abundance of planktonic microfossils is fundamental to the definition and interpretation of selected systems tracts in models of sequence stratigraphy (Van Wagoner et al., 1988) . Understanding these systems tracts and their relationships to bounding unconformities is, in turn, prerequisite to correlating sequences with models of global eustatic sea-level fluctuation (Haq et al., 1987) . Of particular importance are condensed sections, which are recognized, in part, by high concentrations of planktonic microfossils . A primary objective of Leg 150 was to investigate the timing and magnitude of past global sea-level changes (Miller et al., 1994) . Site 904, which has the most abundant and continuous record of planktonic foraminifers among the sites that were drilled (Snyder et al., this volume) , offers a unique opportunity to explore the significance of abundance trends in Eocene through Miocene sediments.
One might argue that total carbonate content, which can be determined more quickly and easily, should mirror the abundance trends of planktonic microfossils. In the Eocene section, where planktonic foraminifers are abundant, typically two or three orders of magnitude more abundant than in most of the Miocene section, that might be true. However, where planktonic foraminifers are sparse, other faunal elements may represent as much or more of the total carbonate content. For example, some samples lacking planktonic foraminifers contain benthic foraminifers. In other samples, where planktonic specimens are rare, benthic foraminifers are the dominant calcareous microfossils. Ostracodes, echinoid spines, and fragments of larger shells, although rare and sporadic in occurrence, collectively account for most of the carbonate in some samples. Hence, total carbonate content in many Oligocene and Miocene samples would not accurately reflect abundance of planktonic microfossils. The most reliable way to estimate such abundance is through a census of the planktonic microfossils, in this case foraminifers.
METHODS
Preparation began by oven-drying bulk sediment samples at 45 °C for 24 hr. Each dried sample was then weighed to the nearest milli-gram on a Sartorius B-120-S balance, transferred to a 1000-mL beaker, and immersed in approximately 250 mL of a 3% H 2 O 2 solution. After soaking for 24 hr at 45°C, the sample-H 2 O 2 mixture was heated for 15 min and then gently washed over a #230 U.S. Standard Sieve (63-µm mesh).
If the clay-silt fraction was not entirely disaggregated, the soaking, heating, and sieving procedures were repeated (a maximum of three times). Many samples, particularly those from the Neogene section, required only a single washing; others, largely from the middle Eocene section, required three washes. Preservation of fragile species and delicate ornamentation in foraminifer-rich samples indicates that sample preparation did not preferentially destroy specimens or bias counts. The final wash utilized a #18 U.S. Standard Sieve (1-mm mesh) to separate coarser material, if present, from the sand fraction concentrated on the #230 sieve. Samples were then oven-dried at 45 °C and both the sand fraction and coarse fraction, when present, were weighed and transferred to labeled vials.
Samples in which silts and clays were completely dispersed generally produced no coarse fraction. Rarely, the coarse fraction included large benthic foraminifers, otoliths(?), CaCO 3 fragments of larger shells, or quartz grains. In some samples, 90% of which came from the middle Eocene porcellanitic chalks below Sample 150-904A-53X-1, 39-41 cm, at 490.6 meters below seafloor (mbsf), the coarse fraction consisted of aggregate grains composed of silts and clays, which persisted even after three cycles of processing. In such cases, the weight of these aggregate grains was subtracted from the weight of the initial bulk sediment sample in order to calculate the weight of sample from which foraminifers were actually recovered. For example, bulk sediment Sample 150-904A-58X-6, 39^1 cm, weighed 15.981 g. After three washings, the sand fraction weighed 0.604 g and the "coarse fraction" (composed entirely of nondisaggregated mud) weighed 3.210 g, meaning that foraminiferal counts had to be computed relative to the 12.771 g actually broken down to yield the specimens. This approach also allowed calculation of the percentage of mud in each sample. Percentages of mud and sand for each sample are listed in Table 1 and plotted in Figures 1 and 2 , respectively.
For foraminifer-rich samples, the washed sand fraction retained on the 63-µm-mesh sieve was divided into aliquots using a microsplitter. Dry-sieving isolated the >150-µm fraction of the sample split, from which all planktonic foraminifers were then counted. Of course, total abundances vary markedly depending upon the size fraction examined. Various authors have recommended the use of specific size fractions for analysis of foraminifers. Schroeder et al. (1987) recommended using the >63-µm fraction, whereas Lu and Keller (1995) favored the >106-µm fraction. Martin and Liddell (1989) advocated analysis of multiple size fractions, and Kellog (1984) proposed the >150-µm fraction as a standard to avoid taxonomic problems with juvenile specimens. Although the arguments of these authors are compelling (to varying degrees depending upon the purpose of a given study), the >150-µm fraction was~used here because (1) so many published accounts of planktonic foraminifers have used it, and (2) the sheer numbers of specimens in some samples precluded counting smaller size fractions. For the purposes of biostratigraphy and paleoecological reconstruction, examination ófthe >63-µm fraction is essential (Schroeder et al., 1987; Snyder et al., this volume) . But the primary concern when comparing studies of abundance trends is that data are based on the same size fraction. Hence, results presented here are directly comparable only to other studies utilizing the >150-µm size fraction. Two-hundred sixty-four samples from Hole 904A were processed and analyzed in the manner described above (Table 1 ). All specimens larger than 150 µm were counted in each sample split. Splits varied from the entire washed sand fraction to an aliquot representing l/64th of that fraction. Then the raw count was multiplied by the appropriate factor to estimate total number of planktonic foraminifers in the sample. This estimated total number was then divided by grams of sediment that actually disaggregated, in order to calculate the number of specimens per gram (dry weight) of sediment (Table 1) . Because the number of specimens per gram varied from 0 to 7780, counts were plotted as log 10 of planktonic specimens per gram (Fig. 3) . Samples with one or fewer specimens per gram were plotted as zero to avoid negative values, which would add nothing to the information content of the figure.
RESULTS
In attempting to reconstruct timing and magnitude of ancient global sea-level fluctuations, changes in the abundance of planktonic specimens may help to decipher the eustatic signal. However, abundance patterns can also be influenced or controlled by a variety of local processes which can overprint the eustatic signal (Snyder and Snyder, 1993) . Dramatic fluctuations in the abundance of planktonic foraminifers at Site 904 must, therefore, be interpreted with caution.
The single most dramatic change at Site 904 coincides with the change from pelagic carbonates of the Eocene through mixed carbonate and siliciclastic sediments of the Oligocene-lower Miocene to hemipelagic sediments of the middle and upper Miocene (Fig. 3) . Planktonic foraminifers are consistently more abundant in carbonates (up to three orders of magnitude more abundant). This major decrease in abundance parallels changes in paleoclimate and terrigenous sediment input outlined by Poag and Ward (1993) for the U.S. middle Atlantic margin.
Superimposed on this major decline^in abundance are short-term changes, usually of lesser magnitude but sometimes approaching the scale of change from Eocene to upper Miocene. Some intervals with Table 1. planktonic foraminifers/g (log )
planktonic foraminifers/g (log ) Table 1. low abundances correspond to changes in lithology (e.g., at about 560 and 530 mbsf at the bottom and top of a siliceous interval). Others correspond to zones of secondary mineralization, such as the pyrite cement and nodules at about 455 mbsf. The 15-m interval above an upper Eocene tektite-bearing horizon, characterized by reworked middle Eocene specimens (Snyder et al., this volume; McHugh et al., this volume) , has fewer foraminifers than sediments immediately above and below. Low abundances characterize some unconformities, such as the one at the Eocene-upper Oligocene contact at about 350 mbsf. Intervals of extremely low abundance in the OligoceneMiocene section may be related to terrigenous sediment input and/or diagenesis. Conversely, intervals of peak abundance (e.g., those at about 272, 261, and 254 mbsf) may reflect eustacy or decreased terrigenous sediment input, or simply may be horizons that escaped diagenetic destruction.
SUMMARY
The planktonic foraminifer abundance patterns observed at Site 904 are complex, possibly related to global sea-level changes as well as to a variety of other processes (e.g., diagenesis, paleoproductivity, local sediment accumulation rate). Deciphering this complex signal to identify the portion that reflects sea-level fluctuation will be difficult. The data in this report delineate abundance changes at Site 904 so that subsequent studies may address the possible relationship of abundance to sea-level changes along the New Jersey continental margin.
